Considerable synthetic attention has been directed at the development of efficient methods towards the construction and derivatization of indole containing compounds, as this important subunit constitutes the core of a plethora of biologically active natural products. 1 Our research group has recently developed a methodology for
(1) Asymmetric C-3 Friedel-Craft reactions: a) Wang, Y.-Q.; Song, J.; Hong, R.; Li, H.; Deng, L. J. Am. Chem. Soc. 2006, 128, 8156-8157. b ) Palomo, C.; Oiarbide, M.; Kardak, B. G.; Garcia, J. M.; Linden, A. J. Am. Chem. Soc. 2005, 127, 4154-4155. c C-2 alkylation of 3-substituted indoles with 2-alkoxycyclopropanoate esters to give useful indole products, 2 complete with ester and alkene functional group handles for further synthetic manipulation.
Biologically active, fused indole compounds such as the vinca alkaloids have inspired synthetic and medicinal interest in a large class of related tetrahydroisoquinocarbazole analogs, most of which exhibit antiarrhythmic activity. 3, 4 Among the most potent members of this class, RS-2135 has attracted the most attention because of its relatively low toxicity. In the only synthetic approach to these compounds reported thus far, Simoji and Hashimoto employed an elegant intramolecular Diels-Alder reaction to construct the core. 3a-d Herein, we report the short syntheses of several related tetrahydroisoquinocarbazoles (1, 2, and 3, Scheme 1) by employing the C-2 alkylation of indoles with donor acceptor (DA) cyclopropanes and a SmBr2−HMPA mediated reductive cyclization as key synthetic steps. From our initial retrosynthetic analysis, we identified the disconnection between C-12 and C-12a as being strategically important as it simplifies the target core to indole 4, which is readily available from our C-2 alkylation methodology (Scheme 2). It was anticipated that ring C could be constructed by several strategies, including hydrometallation of alkene 4, followed by appropriate ring closure conditions. The same disconnection would also allow radical cyclizations to be explored, such as selenoester or samarium(II) iodide mediated ring closures. The lactam bond could be constructed via a base induced cyclization with the indole nitrogen and ester moiety in intermediate 4, 2 which would be accessible from C-2 alkylation between 3-substituted indole 5 and DA cyclopropane 6. The synthesis commenced with the C-2 alkylation of commercially available tryptophol (5a) with cyclopropane 6 to give indole 4a in a moderate 70% yield (Scheme 3). 5 However, closure of the D-ring with this intermediate under basic conditions proved elusive. Acting on speculation that the free alcohol was interfering in the lactamization process, acylated derivative 5b was employed instead, and the C-2 alkylation product was obtained in 86% yield. The resulting indole 4b was effectively converted to the lactam without difficulty upon treatment with DBU. Subsequent deprotection of the alcohol allowed access to indole 7b, thus setting the stage to explore ring C construction. Early approaches for ring C assembly involved elaborating alkene 7b via hydrometallation strategies, potentially supplying a collection of suitable handles (OH, halides) with which to facilitate cyclization. Unfortunately, all attempts at alkene functionalization with 7b led to starting material recovery or substrate decomposition.
While initially opting for alkene elaboration prior to cyclization, a revised strategy involved exploring radical mediated ring closures. Selenoesters have long been recognized as precursors to acyl radicals that actively participate in inter-and intramolecular alkene addition reactions. 6 Despite the usual preference for free radicals to undergo 5-exo-trig over 6-endo-trig cyclizations, Boger and co-workers demonstrated that in some cases the latter is favored. 6 Encouraged by these reports, selenoester 8 was prepared via a three step sequence commencing with Swern oxidation of alcohol 7b (Scheme 4). The resulting aldehyde was immediately oxidized and treated with diphenyl diselenide and tributylphosphine, providing cyclization precursor 8 in 81% yield over three steps. An acyl radical was then generated from selenoester 8, but regrettably, a stabilized radical is formed after rapid decarbonylation, ultimately giving 3-methyl indole 9 as the exclusive product. -CO (g) Operating through the aldehyde oxidation state appeared to be an attractive means to further explore a radical cyclization strategy while precluding the undesired decarbonylation. In this regard, both inter-and intramolecular carbonyl-alkene/alkyne reductive coupling reactions mediated by samarium(II) iodide are well documented. 7 Both aldehydes and ketones participate as coupling partners, but a large majority of these radical induced cyclizations with aldehydes employ electrophilic α,β-unsaturated esters or allylic leaving groups including halides, sulfides, and sulfones. 8 The aldehyde cyclization precursor was efficiently prepared by Swern oxidation of alcohol 7b, which was immediately treated with 2.2 equivalents of 0.1 M SmI2 in THF (Scheme 5). Two major reaction products were obtained under these conditions, including the desired secondary alcohol 3 and 7b from aldehyde reduction in a 1.2:1.0 ratio (Table 1, Efforts to optimize this cyclization involved exploring various additives such as Lewis bases (HMPA), proton sources (H2O, MeOH), and inorganic salts (LiBr), all of which have been documented to profoundly affect SmI2 mediated reactions. 7 According to Flowers and coworkers, the oxidation potential of SmI2 alone is −1.33 V (vs. Ag/AgNO3 in THF), and was found to increase to a maximum of −2.05 V with four equivalents of added HMPA. 9 When these conditions were applied to the intramolecular coupling reaction, an increase in selectivity toward cyclization over aldehyde reduction was observed (Table 1, entry 2) .
Protic additives such as water and methanol have also been shown to influence similar radical processes, 7 as they likely activate the reagent through metal coordination and protonate anionic intermediates. 10 Although these proton sources improved selectivity for the cyclization product 3 over aldehyde reduction, significantly lower yields were accompanied with considerable decomposition (Table 1, entries 3 and 4) .
Inorganic salts such as LiBr have been shown to participate in displacement reactions with SmI2, producing soluble SmBr2. 11 Cyclizations with the soluble SmBr2 reducing agent provided an unfavorable mixture of 3 and 7a, although in excellent combined yield (Table 1 , entry 5). Flowers also found that the addition of 50 equivalents of HMPA significantly improved the reducing ability of SmBr2 (−2.07 V for SmBr2 versus −2.63 V for SmBr2−HMPA). 11 Optimal results were achieved by a combination of several known additives, specifically LiBr and HMPA (Table 1 , entry 6). The SmBr2−HMPA reductant prepared under Flowers' conditions displayed excellent selectivity for cyclization to 3 in 78% yield. The relative stereochemistry of 3 was established by extensive NMR analysis. 12 To further illustrate the utility of this approach additional modifications were made to the functionalized core (Scheme 5). Oxidation of alcohol 3 with IBX proceeded smoothly to afford ketone 2, which was advanced to amine 1 after reductive amination. Presumably, other functionalized cores can be accessed by elaboration of the starting indole or cyclopropane.
In summary, we have reported the most efficent and highest yielding route to several tetrahydroisoquinocarbazoles, where the core (3) was prepared in 6 steps from tryptophol in 51% overall yield. This work highlights for the first time the synthetic utility of the dipolar C-2 alkylation of 3-substituted indoles with 2-alkoxycyclopropanoate esters, and provides an attractive route to other biologically active members of this class, including RS-2135. The synthesis also features a selective SmBr2−HMPA promoted ring closure of an aldehyde onto a sterically congested trisubstituted alkene.
